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The late Ralph Patty, shown here, was
one of the pioneers in rammed earth
construction. Most of the rammed earth
research at South Dakota State College
was done under his direction.

COVER PHOTOGRAPHS
Several rammed earth buildings and garden walls were constructed on the
South Dakota State College campus 20 to 25 years ago. The photographs on the
cover show the condition of some of the structures today.
(Top) Several hundred feet of garden or retaining wall were built from 1932 to
1940. Here one of the older walls with a cement cap and stuccoed sides stands
firmly after 25 years of service.
(Second) Poultry house No. 1, built in 1932 and stuccoed in 1935, has been in con
tinuous use. It is in good condition.
(Third) A 26- by 72-foot machine shed with 10-foot wall height was built in 193435. It still shows some of the sections of the experimental stucco panels. It is in
excellent condition.
(Fourth) Poultry house No. 3, built in 1939-40, was stuccoed in the fall of 1940.
It is a 20- by 60-foot structure. It has been used continuously for turkeys and is
in excellent condition.
(Bottom) Poultry house No. 2, built in 1936, was stuccoed several years later, ex
cept the upper part of the south wall which shows 22 years of direct exposure.
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Experiment Station constructed
five buildings and a number of test
walls and protective walls and stud
ied many soil mixtures and combin
ations. vVork continued from 1929
to 1940. The structures have been in
use from 20 to 25 years. Additional
conclusions, which were not fully
realized as early bulletins were pub
lished, can now be reported.
Inquires concerning rammed
earth construction continue to come
from various parts of the United
States and foreign countries. This
publication reviews briefly the var
ious considerations in using rammed
earth as a building material. It gives
the physical properties of rammed
earth, describes the construction
procedures, reviews the character
istics of the finished buildings, and
suggests some ways for further
mechanizing the process. Favorable
and questionable features are dis
cussed to guide those who might
consider rammed earth construc
tion for their own building projects.

INTRODUCTION

Rammed earth construction, as a
building process, dates far back in
to history. The knowledge of how
to build with this material was
brought to America from Europe.
There are records of homes and
churches in the eastern United
States which were built of rammed
earth and have stood for more than
100 years.
Rammed earth construction is
usually associated with a "build it
yourself" program of construction
in which earth, the building mater
ial, costs nothing, and in which the
owner provides much of the labor
of construction. Led by the Depart
ment of Agriculture, many of the
state agricultural experiment sta
tions of the Great Plains area con
structed test walls and buildings in
the 1930's. All stations concerned
found that the material could be
used, the buildings were substan
tial, and construction involved
much labor. Most of the stations
built only one or two small build
ings.
The South Dakota Agricultural

'Professor of Agricultural Engineering.
South Dakota Agricultural EJqJeriment
Station.
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USES AND CHARACTERISTICS
OF RAMMED EARTH
Rammecl earth is usually a subsoil, with perhaps additional sand,
thoroughly tamped in layers witl1in
a form enclosure. The soil is placed
within the form in a layer about 4
inches deep, leveled, and then
tamped by heavy rammers until it
has reached nearly maximum dens
ity. Succeeding layers are built
above it until the form is full. The
form can be taken off immediately
and the wall section stands. ·with
the form re-set, other wall sections
can immediately be built adjacent
to, or on top of, the first section. The
form must always be accurately set
in place and held there so that the
wall is straight and true.
The layer of 4 inches of loose
material can be tamped clown to
about 2 inches. Density attained will
depend on soil and ramming and
will range from 115 pounds per cub
ic foot to 140 pounds per cubic foot.
The tamping procedure accomplish
es its work in t\:vo ways; ( 1) by re
peated ve1tical blo"vs of the ram
mer; and ( 2) the rammer blows,
which seldom strike the same place,
tend to work the particles back and
forth horizontally, thus working the
material into the dense pattern.
Such a relocation of soil particles
cannot be attained uniformly by a
straight hydraulic press process:
Even in rammed earth, the top of
each layer is more dense than the
bottom part, so 4 to 4)� inches is felt
to be about maximum for the loose
earth fill. The adobe, or mud brick
process of earth building, attains its
density by shrinkage of the soil as

the water slowly leaves by evaporation. The adobe block must be reasonably small so that non-uniform
drying and shrinking will not set up
too many cracks.
Uses
Hammed earth is best adapted
for use in side walls and major inter
ior partitions. It cannot be used for
below grade foundations, nor base
ment walls above underground foot
ings. All but supporting interior par
titions are more quickly made with
wood or steel framing. Hoof struc
tures must be of wood or steel truss
es with any of the conventional
lighter weight coverings.
For certain farm buildings, such
as shown on the cover, the side walls
form a substantial part of the build
ing. In homes where so many ad
ditional building parts are needed,
such as basements, doors and win
dows, finished interior walls, insu
lation, attractive roof design. and
built-in cabinets, the side wall con
struction is only a small share of the
cost. Even if cost could be saved on
the wall part, it is only a part of the
total cost.
Hammed earth is a stable, per
manent kind of building material.
It should not be thought of as tem
porary construction. This material is
never used where a tensile stress is
developed, nor where a light-weight
material is needed. The walls, if
thick enough, have a fair measure
of insulation, but in most cases the
light-weight air-cell material, reflec
tive material, or a combination of
both, will give greater insulation
with less space and less weight.
·what buildings can be construe-
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ted of rammed earth? The South Da
kota Agricultural Experiment Sta
tion, through its tests and observa
tions, can recommend the following:
poultry houses, machine sheds, ga
rages, and barns where feed alleys
are next to a major portion of the
side wall. All such buildings should
have stucco coatings on the exterior
walls and on interior walls wherever
there is danger of wear by contact
with animals.
If rammed earth is used, it must
be protected from water. Founda
tions should be 12 inches above
grade, and the building site should
be graded to drain away from the
building. Substantial overhang of
eaves should be used to prevent
water running down the walls.
'Nater should never b e allowed to
enter at the plate line and soak into
the walls. The above precautions
are usually adhered to for most oth
er building materials.
Running water, in contact vvith a
rammed earth wall, will soften and
erode the wall. This should always
be remembered in placing lawn
sprinklers of any kind. Stuccoing
will usually prevent most of these
troubles, except the plate line drain.
age and this is safeguarded by a
proper roof.
Physica I Properties

Density. Various writers have re
ported densities for rammed earth
from 115 pounds per cubic foot to
140 pounds per cubic foot. Obvious
ly there was much variation of earth
en mixtures used, of thoroughness of
ramming, and some small differen
ces i n retained moisture. Table 1
gives the densities of three test soils

at the South Dakota Agricultural
Experiment Station.
Specific Heat. Rammed earth sam
ples ( 75% sand content) varied in
specific heat from . 18 to .22 British
Thermal Units per pound degree, as
tested by South Dakota State Col
lege Physics Department.
Thermal Conductivity. Investi
gators' results vary widely and could
well vary due to differences in den
sity, material differences, and mois
ture content at testing time. In
1941 t h e Bureau of Standards ( re
port B�JS78) gives 11.8 Btus per
square foot per hour per degree per
inch of thickness for their test walls
where density was 125 pounds per
cubic foot.
Compressive Strength of Ram
med Earth. Many tests were made
on compressive strength of ram
med earth. iVIost tests were made
from special blocks t h a t could be
broken on the Riehle Tester. Most
of the blocks were 9 inches by 9 in
ches by 9 inches. Due to column ef
fect and combined stresses, it is
quite meaningless to quote a com
pressive strength without specify
ing height of the test column and
the area size.
(a) A 2Ji-inch height of test block
supported more than six times as
Table l. Density of Rammed Earth with
Relation to Eand Content
Soil

Sand Content Unit Weight
of Soil,%
lbs./cu. ft.*

#I
10.36
#2 ---- 37.56
74.82
#3
•+++

..

119.4
128.4
138.9

Specific
Gravity

1.92
2.06
2.27
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much as a 9-inch test block of the
same material.
( b) Age of: the block a n d mois
ture content both affect the strength.
B locks increase i n strength rapidly
as the moisture dries out and gradu
ally i ncrease on up to 2 or more
years of age.
( c) Size of aggregate affects the
strength only when the aggregate
gets larger than the quarter-i nch or
above.
( d) When sand content gets up to
75%, the strenth i s slightly lowered.
A higher percentage of sand greatly
reduces the strength.
( e ) M oisture contents ( at ram
ming time) of 9 to 13% have given
the best strength in test blocks
through a wide range of sand con
tent vari ations.
( f) Heavy ramming ( 3 times over
with 18 pound rammer) gave four
times the strength of light ramming.
Figure 1. This shows bare, exposed
walls of plain rammed earth ( left) and
"terracrete" (right) after 15 years of
weathering.

Flat surfaced rammers proved sup
erior to V-edged or rounded ram
mers.
( g) I n admixtures, clean cinders
proved to give as much strength as
sand ( see weathering quality be
low) . Fifteen percent of portland ce
ment adds little to a high clay soil,
but doubles the strength of rammed
earth when the sand content i s from
50 to 75%, a n d i mproves the resis
tance to weathering ( see figure 1) .
A.dding lime decreased the strength.
( h) Addition of various fibers at
different rates raised the compres
sive strength somewhat.
( i) For comparative test figures
the following data will be quoted as
a standard of comparison. A 9 i nch
by 9 i nch by 9 inch test block made
of soil of 75% sand content and 19%
colloids2 showed breaking strength
of 353 pounds per square i nch at 6
months, 446 at 1 year, and 497 at 2
years ( average for 12 test blocks) .
Durability, We athering Resist
ance. J\ Iore important that the com
pressive strength of rammed earth
is the ability to resist deterioration
through changes of weather and
continued use. Mechanical abrasion
or water erosion i f allowed to con
tinu e would ,vear away the outer
1

'Bureau of Roads standards of the early
1930's were used when this work was
conducted. Therefore, colluids, as used
in this publication, refers to the finer
part of the silt plus all of the clay. The
hydrometer method was used for sam
ple analysis. All material in suspension
after 15 minutes was called colloids.
Other fraction standards used in this
publication include-sand, 2,000 to 50
microns; silt, 50 to 5 microns; and clay,
less than 5 microns.
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smface. Five additional things en
ter in which m ay affect the entire
wall rather than j ust the surface.

( 1 ) Freezing and thm,ving when
moisture content of the wall is high
will definitely loosen the structure
of the walls and allow them to crum
ble. 'Nork done in Decem ber 1938
in sub-zero weather proved that
newly rammed earth m ust go
thro ugh its drying-out period before
cold weather sets in.
( 2) Shrinkage while drying out
from its moisture content of 9 to
l....,,
::i. 0 1
Jo , which was necessary for the
.
proper ramming, is tl� e cause � f a
.
cracking and pulvenzmg act10n.
Surface cracks appear soon after
ramming, as the smface dries out
first. Later these cracks lessen or
even disappear for casual inspec
tion, proving that the rest of the wall
has internal shrinkage. Eventually
a test block will attain a m aximum
shrinkage for a stable moisture con
tent of near 3%. Two additional
things appear to control shrinkage
Figu re 2. Shrinkage of rammed earth
test blocks in relation to sand content.

----
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Figure 3. High sand content wall "A"
shows little shrinkage while wall "B"
with low s:md content shows shrink"1ge
and severe weathering.

-sand content and percent of col
loids in the soil used.
( 3) A high sand content prevents
excessive wall shrinkage and crack
ing ( see figure 2) . Figure 3 shows
the effect of sand content on shrink
age of uniformly m ade test walls.
On actual test wall observation, the
soil samples which have a 50 to 75%
sand and o therwise suitable soil do
not deteriorate due to the initial or
continued effect of shrinkage.
( 4) The percent of colloids in tl1 e
soil used is a second cause of shrink
age variation. The colloids ( by older
B ureau of Roads designation) in
clude all of the clay particles and the
finer particles of silt. These_ fine par
ticles have m uch more surface than
their eq uivalent weight of sand par
ticles. Therefore it takes more water
to make the soil wet enough for
semi-plastic conditions for proper
ramming. Due to the need for add-
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the wall, but lime has the opposite
effect.
The only additional precaution
is to see that the material is well
mixed and that soil clods are not al
lowed to remain unmixed with sand.
Figure 2 shows shrinkage of test
block samples in relation to sand
content. Figure 4 shows test wall
ratings in relation to soil colloidal
content.
Tensile stress. The tensile stress of
rammed earth should probably be
taken as zero in design work. Actual
ly there is considerable tensile
strength in a test piece, but as the

ing more water at ramming time,
there is greater drying and greater
shrinkage. Observation of test walls
would indicate that a colloidal con
tent of over 35 to 40% will produce
an inferior wall ( see figure 4 ) , even
though the sand content was above
50 1�. Here lies a second argument
for insisting on a mixture that is
75% sand, as this automatically forc
es the colloid content down to 25%
or less.
( 5 ) Various admixtures may af
fect weathering ability. Cinders for
aggregate are not as good as sand.
Portland cement generally improves

Figure 4. Test wall resistance to weathering in relation to colloid content.
-+-=

c

a.(I)

..

c

1 00

i-

c

0

>-

(I)

"u

�"""

90

'

ID 10
........

"'" 117 \ C rO

�

-· .."

....

Lt)

I� ;;
�

"�
' \\

10

-

\
\

\

1

so 0

10

2.0

,30

Colloi ds i n S oil ,

40

Percent.

so

\(

:>
I

60
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test piece gets longer, the assur
ance of any reliable tensile strength
would become less. Som e tests were
made with reinforced rammed eaith
beams with various types of rein
forcing. Hooked rods in the lower
portion of the beam improved the
beam somewhat, but w ood m em
bers or metal lath tended to separate
the layers and were not as good as
the beams with no reinforcing.
CONSTRUCTION TECHNIQUES
:\fany of the techniques of rammed
earth c o n s t r u c t i o n have been
developed in keeping with the, ideas
of manual labor, low-cost equip
ment, and the "build it yourself" ap
proach. All of these were accept
able before the machine age and
were reasonably acceptable during
the 1920's and 1930's when labor
costs and purchasing power were
low. Highly mechanized procedures
were never developed; but some
suggestions can be made, in light of
former experience, that would point
the way to greater m echanization.
Fou ndations

Foundations for rammed earth
must be strong and wide, since great
weight is to be supported. The wall
structure is wide, and any shifting of
foundations results in cracking of
the walls above it. It is recomm ended
that the foundation extend 12
inches a bove the grade line to pre
vent undue m oisture entering the
wall from splashing and m elting of
drifted snow. This is especially im
portant in northern climates where
there is a lternate freezing a nd thaw
ing. Rammed earth, if soaked with

9

water and then frozen, will sta1t to
crum ble.
Rammed ea1th m ust not be used
for basement walls below grade,
even though a concrete footing is
used. One building, a root cellar,
was constructed this way j ust to
verify the interactions of water and
freezing. The walls were partially
destroyed after 2 years and follow
ing that the building was torn down.
Figure Sa shows the cross-section
of the foundations used in the South
Dakota experim ental b u i 1 cl i n g s.
Figure Sb gives a suggestion for a
full ,vidth but hollow foundation,
which m ight orm ightnot beadapted
to a full basement wall. Figure
Se shows a pier-type of foundation
"vith continuous top, shaped for
"pier-,vall" construction. Such a
foundation lends itself to machine
digging and requires no fanning
lumber except for the top part. Ver
tical reinforcing in the piers should
be bent horizontal to join in with the
horizontal rods of the upper founda
tion. Foundation top could be nar
rowed by blocking at the time of
pouring for sections at door or win
dow a nd panel locations. Each ma
jor wall block of 5 to 7 foot length
should have hvo piers.
Forms for Ta m pi n g

Forms for containing the earth
while it is tamped m ust be rugged.
The last form used in the experi
ment is an adaptation of the earlier
and simpler ones, with a few extra
conveniences ( see figure 6) . This
form was large, being long enough
for 15 feet of straight wall if used
that way, or its equivalent length
around a corner. The corner hinges
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with pipes for pins allowed a 90 °
angle, or if so desired a 60 ° , 120 ° , or
any angle in benveen. If for any
reason a shorter form were desired,
the longer end or the shorter end
could be used separately by pulling
the pipe hinge pins. This was usually
done at the time of form removal
to make the separate parts easier to
handle. Such a large form is hard to
move, taking at least 3 or 4 men un
less a derrick or hoist is used .
Following are some brief conclu
sions about forms:
( 1 ) A large form that will hold a
2)� to 3}� foot depth and a 12-to 15foot length of wall at one time is de
sirable.
( 2 ) Small forms, though easy to
move, cause too many joints, layer�,
and irregularities in the wall.
( 3 ) Forms must be accurately
made and must have the adjust
ments to be set straight and held
straight.
( 4 ) Bracing must be strong. The
4 by 4 inch stays as shown in figure
6, placed on 38-inch centers proved
to be strong enough.
( 5 ) The cross bolts which have
been used in most previous form
designs give some trouble in re
moval, and leave holes that need to
be filled. In any new form develop
ments, the designer should seek
ways of eliminating these cross bolts
through the wall.
( 6 ) The form holds part of the
answer to mechanization and should
be part of the total design since it
controls the filling operation and
affects the use of all ramming tools.
( 7 ) To date, most forms are de
signed to be set on a corner so that

the corners can be rammed as a one
piece section . It is not good practice
to try to make a wall section with
open end form placed perpendicular
to a finished wall section.
Mixing of Soil

Mixing of soil just before opera
tions begin is almost a necessity.
When sand is added, thorough mix
ing is always needed. Usually water
will need to be added to arrive at
the proper 8 to 11% moisture desir
able forramming. Hand mixing with
shovels is possible, but time consum
ing and laborious. Batch mixing in a
concrete mixer is possible, but some
hand work is still required. Machin
ery for one man to operate, which
would convey soil and sand to mixer
and then quickly deliver the next
"layer batch" to form, would greatly
aid construction work.
Ram ming Tools

Hamming tools are shown in
figure 7. When the loose dirt was
first phced in the form, one man
went over this with a large floor
ra:nmer like one pictured on the
right. Three men then followed with
16 to 18 pound rammers such as
those shO\�'n on the left. Vilith ex
perience, one can tell by the "feel"
and "sound" when the tamping is
complete. A pneumatic air hammer,
shown between the other two types,
when powered by a 5-horsepower
motor and compressor, will enable
one man to replace the three with
the lnnd rammers.
Attachments and Joi nts

Rammed earth walls are massive
and are called on to hold their load
by compression. Due to the weight,

Rammed Eartb Walls
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finish a rammed wall to a line exact
enough to m atch a wood plate mem
ber on which the rafters or trusses
are attached. A finish layer of
poured concrete can be smoothed to
an exact level. About two or three
layers before the wall is completed,
long anchor bolts should be embed
ded in the wall and rammed i n
place. These must h ave length
enough to go through the concrete
cap and at least the first wood mem 
ber of the plate.
Door a nd Wi ndow O p e n i yig:;

Figure 7. Four variations of hand ram
mers (left) ; a pneumatic rammer (cen
ter) ; and two floor tampers (right) .

no attachment is needed at the foun
dation . A coating of asphaltum h as
som etimes been applied to the top
of the concrete foundation before
the w all is built. This precaution
against m oisture and vapor travel
is worth consideration. A foundation
that extends 12 i nches above grade
line is a better precaution.
It is good practice to sprinkle
water on top of a d ry wall layer be
fore m aking a new rammed layer on
top of it. Where one "vall section is
joined to another end to end, there
should be a V-type lock joi nt. This
is accomplished by a vertical m em
ber in the end piece on the forms.
At the p late line it is difficult to

One of the most difficult phases of
making rammed earth walls is to
provide openings that are accur ate
in dimension, with frames th at are
securely anchored in the earth wall.
It is preferable to set the outer
f r a 111 e s ( rough -opening dimen
sions ) inside the rammed earth
forms, thoroughly brace these from
the inside, and then ram on both
sides of the opening. This will leave
the wall joint at other locations than
along one or the other of the verti
cal window m argins.
,vindows are us ually placed at
customary height in the wall with
the full thickness of rammed earth
wall below the opening. The wal l
section above the window calls for
the insertion of a lintel to hold the
weight of the section. These lintels
can be m ade of 2-inch p lan k for
small openings, or if larger, a box
type lintel or a reinforced concrete
lintel .
It is always preferable to run door
and window openings up to the
p late and fill in the part above the
rough opening with wood panels or
other light\'leight m aterials. Sug-

14
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gestions for window and door fram
es are shown in figure 5. Sketch "a"
s hows a flat fram e and s ketch "b" a
half-width fram e that has a notched
infiltration barrier. Either of the
rough - opening frames provides
nailing anchorage for wire or m etal
lath for exterior s tucco.
Construction Techniq ues of
the Future

In view of all pas t experiences in
construction, combined ·with the ob
servation of how the buildings s tand
up under 20 to 25 years of use, it
would seem advis able to predict
som e procedures and techniques
that would m ake poss ible m ore con
venient, more rapidly built, and
more complete s tructures . These
predictions are m ade in light of the
conviction that if rammed earth con
s truction is to survive in a highly
mechanized industiy, it too will
have to be mec hanized.
The pier-type wall construction,
as shown in figure 5, s hould be the
central idea. It would enable one to
set a form reaching from foundation
to plate line and firmly anchor it in
exact position. Sides for the form
could be added as the wall section
was built. Door and window open
ings would be enclosed above and
below with ins ert panels, thus avoid
ing all openings within the rammed
ea1th itself. Corner panels could also
be inserted, using doors or windows
if desired. Such construction is not
far diffierent from that used by Hib
ben at Gardendale, Alabam a, as de
scribed in Merrill's book, The Ram

med Earth House.

For foundation construction, the
pier-type as shown in figure Se
would s ave both m aterials and form
ing labor. It would provide a full
width concrete foundation below
the earth pier-wall sections and tie
all foundation parts together.
A new and m ultiple use part is
proposed in the doubled square
s teel tube m ember s hown in figure
Se. This member could ( 1) be weld
ed to the foundation bolt and the
roof plate bolt to p rovide an excel
lent tension member, ( 2) provide
the infiltration breaker notch in the
earth wall, ( 3) provide the mount
ing frame for the p anels, windows ,
and doors, ( 4) allow tie-through
wires to s ecure outside s tucco m etal
lath anchorage ( perhaps interior
plaster anchorage as well) , and ( 5 )
the exposed square s teel tube could
further serve as electric conduit. It
would not be impossible to build in
or cut in electiic condu it in earthen
walls , but it would be time consum
ing to do it that way.
The form used s hould be adjust
able to three or four lengths of pier
wall section, of one s tandard width
and high enough to form an approx�
imate 8 foot wall. Machinery s hould
be developed to fill the form with
its new charge of loose earth within
a few s econds s o that the ramming
process could be resumed without
delay. The form should incorporate
suitable scaffolding to m ake it s afe
and convenient for the workmen
and to provide racks for necessary
tools .
Figure Se shows s ome of these
ideas without developing the details.

Rammed Eartb Walls

PRACTICAL ASPECTS
OF RAMMED EARTH

•;

vVhat is practical in building and
what is not practical? Such a ques
tion leads to extended discussion
on comparative durability, length of
1 i f e, material costs, construction
costs, appearance, adaptability and
saleability. The conclusions may not
be the same for every community or
area, and such things as appearance
depend somewhat on personal likes
and dislikes, with preferences ex
pressed for the common rather than
the uncommon. Here are a few facts
that may help answer the question
in a given community as to whether
rammed earth is a "practical" build
ing material:
( 1 ) The material is low cost if it
can be taken from the building site.
Its cost increases as it is transported,
has sand added to it, or if anything
involving labor is done to it.
( 2 ) The rammed earth process
lends itself to the "do it yourself"
method, but the best results come
where considerable skill and experi
ence are involved. It certainly can
not be said that such work can be
well done by workmen who are un
suited for other forms of construc
tion. If done by hand labor, earth
ramming will require some "brawn"
and perseverance.
( 3 ) Rammed earth construction
has possibilities of mechanization,
but when done, this requires capital
and a volume of work to warrant the
investment. In other words, a con
tractor must take over and build in
quantity before mechanization is
possible.
( 4 ) Rammed earth, when proper-
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ly made, is durable. In light of the
25 years of observation of the S.outh
Dakota State College buildings, it is
predicted that they will stand for
100 years. Some of these buildings
are obsolete in 25 years, but not
worn out. This material is definitely
not the "temporaiy" type; it is for
permanent buildings which will not
be moved.
( 5 ) A good quality cement stuc
co has proved the best type of cover
ing. Although stucco will adhere
fairly well at first to the earthen sur
face, it is better to use a wire mesh
nailed to the ea1then wall with large
nails ( # 10 penny, 12 inches on cen
ter ) with the stucco applied over this
in a two or three coat application.a
Stucco should not extend below
the rammed wall on to the founda
tion below. Many kinds of paint
have been tried on the test walls and
at first were thought to be satisfac
tory. A f t e r longer observation,
though, it is recommended that ce
ment stucco is far better than paint.
The bare, unprotected walls weath
er no faster uncovered than with
painted smfaces that are allowed to
crack and peel. Figure 8 shows test
surfaces that were painted ( gable
end ) and dagga plaster plus paint
( side wall ) , both having failed after
an extended test period.
( 6 ) In appearance, rammed earth
walls that are uncovered are not
Hashy; but most of the shades of soil,
buff, brown, red, are pleasing in ap
pearance. Black soil is less desirable,
but usually a different colored sub
soil is available. White pebbles in
"Bulletin 336·, South Dakota Agricultural
Experiment Station.
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Figure 8. Test wall surfaces that have
been painted (gable end) and covered
with dagga pkster plus paint (side
wall) have failed.

the sand make a contrasting color
pattern when they show on the sur
fa ce. When stucco is placed on an
exterior surface, is can be left in nat
ural color, have permanent pigment
added, or be coated with any color
of paint.
For interior "valls, regular plaster
may be used. Surfaces can also be
touched up, brushed and painted.
Even varnish or shellac leaves a
pleasing smface with the natural
soil color showing through. The ma
jor wall joints are the most notice
able defect, and it is believed that
the pier-wall type of construction
would eliminate all major wall
cracks.

( 7 ) Rammed earth construction
is probably best used in one story
( no basement ) construction, but
otherwise has few restrictions on
size, shape, or type of roof struc
ture. The roof trusses should not de
pend on the rammed earth wall for
horizontal thrust. Shearing of the
top layer may occur where anchor
bolts hold plate to the wall if rafter
members impose a horizontal stress.
( 8 ) Of the many additives used,
portland cement added in propor
tions by volume of 10 to 15% proved
to be the most practical. It increases
the wall strength and improves the
weathering ability, as shown in
figure 1. However, the increase in
strength is usually not needed and
adding cement raises the materials
cost.
( 9 ) How good an insulator is a
rammed earth wall? The S·outh Da
kota Agricultural Experiment Sta
tion buildings are warmer than a
single layer of 1 inch wood boards,
and when first built in the 1930's,
made a favorable showing. Many of
the barns, sheds, and poultry houses
of that day were built of single
boarded walls. Times have changed.
Present day homes, poultry houses,
and dairy barns are double wall con
struction with 1 to 4 inches of insul
ating material and perhaps reflective
insulator material and vapor seals. A
rammed earth wall, even though it
is 12 to 16 inches thick, will not be so
resistant to heat transfer as modem
insulated walls. Placing insulation
on the inside of rammed earth walls
would be no harder than insulating
masomy walls. Either would be
more difficult to do than the insula-

This photograph was taken in 1 959 of a
poultry house at Flandreau, South Da
kota. It was built in 1939 rnd used as a
residence until 1 957.

Monolithic rammed earth barn with
stucco cover and shed of uncovered
block, built in 1936-37 at the Pine
Ridge, South Dakota, Indian School,
looks like this in 1959.

This museum at Bison, South Dakota, is
not in use 2nd is not maintained. The
plate line is a cause of wall and stucco
deterioration.

This is the Boy Scout house at Eureka,
South Dakota.

Poultry house at Trent, South Dakota,
built in 1938 and never stuccoed, is
shown here in 1 959.

The Indian school at ,vamblee, South
Dakota, was built in the 1930's. It is
shown here in 1952.
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tion of frame construction. It is
recommended that dwelling houses
for use in the northern pait of the
United States be insulated regard
less of what construction is used.
( 10 ) Farm people in most areas
are free to build without building
code restrictions. The South Dakota
Agricultural Experiment Station re
search work has enjoyed this same
freedom to build and experiment.
Not all prospective builders have so
much freedom. Cities and munici
palities have building codes that are
restrictive as to methods, materials,
spacing, and perhaps additional
zoning restrictions. These are all in
tended for the general good of the
total community, and try to prohib
it inferior building.
Some prospective builders have
not been able to get a permit to
build with rammed earth. Their loc
al committees could £ind no state
ments relative to the use of this ma
terial. Not finding this positive per
mission, they may have interpreted
this as prohibiting rammed earth. In
such cases one can only shovv proof
that rammed earth is durable, ade
quate in strength, non-combustible,
and that there are many successful
examples of this type of construc
tion. In any event, in city home
building, the prospective builder
with rammed earth should secure
his permit early in the planning
stage, before going too far with the
preparations to build.

BUILDING WITH EARTH
IS WIDESPREAD
After reviewing the available lit
erature, and after many years of cor
respondence with people from many
foreign countries, one b e c o m e s
aware of widespread interest in
rammed earth construction. "Hous
ing and Town and Country Plan
ning," Bulletin #4 by the United
Nations gives one of the most com
plete bibliographies of published
material.
During the years of correspond
ence and soil sample testing, the
South Dakota Agricultural Experi
ment Station has collected many
pictures of rammed ea1th buildings
that were built by other people,
some which are in foreign countries.
One group of pictures shows South
Dakota buildings, all built in the
1930's but photographed in 1958-59
to show their present condition.
These photographs with brief de
scriptions are shown on page 17.
J\fost people who have written for
information have asked a b o u t
rammed earth as a possible material
for building homes. The South Da
kota Agriculture Experiment Station
did not build any homes. Many
other people did, however, by using
essentially the same methods as
were used in the South Dakota
building. Page 19 shows a group of
these buildings.

This is a rammed earth home built in
the Netherlands.

This rammed earth home is located at
Salem, Missouri.

A rammed earth home in Mexico is
shown in this picture.

This home of rammed earth is located
on Prince Edward Island.

Partially completed house, of a 50-unit
project, in Korea.

Open house at a rammed earth home in
Salmas, California.
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